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INTRODUCTION
The pollution of aquatic ecosystems by heavy metals is a significant environmental problem, as heavy metals constitute some of the most hazardous substances that can bio-accumulate in various biotic systems, (Van den Broek et al., 2002) . Heavy metals are ubiquitous in the environment because of both natural and anthropogenic activity, and humans are exposed to them through various pathways, especially food chain, (Harmanescu et al., 2011) .
There are two primary sources of water pollution of Rosetta Branch, agricultural drainage water from five major drains; El-Rahawy, Sabal, El-Tahrir, Zaweit El-Bahr, and Tala, directly discharge in this branch. These drains fetch animal and domestic wastes, sediments, inorganic salts, crop residues, minerals, chemical fertilizers, and pesticides (Donia, 2005) . The second source of pollution is the industrial wastewater outfalls produced by mega-companies in Kafr El-Zayat city; these industrial outfalls are Salt and Soda, El-Mobidat and El-Malyia companies which are discharged directly at the east bank of the branch without any treatment, (Usali and Ismail, 2010) .
Assessment and impact relationship of the effects of heavy metals in biological species are essential for the preservation of the aquatic ecosystem. Therefore, heavy metals pose severe threats due to their potential to enter aquatic organisms, and for their bio-accumulation and bio-magnification in the food chain (Dhanakumar et al., 2015) . Fish is highly recommended as an animal protein source to avoid high cholesterol level, consequently the quality of fish is of particular concern. Moreover, fish is successfully employed in bio-monitoring programs of a wide range of pollutants, including heavy metals in order to assess the quality of the marine environment (Kuklina et al., 2014) . Knowledge of heavy metals concentration in fish is vital concerning nature the management and human consumption fish. Heavy metals enter the aquatic food chain through the digestive tract and non-dietary routes across permeable membranes such as the muscles and gills directly consumption of waters and food, (Rajeshkumar and Li, 2018) . The higher concentration of heavy metals beyond the tolerance limit of fishes affects fish populations, reducing their growth, reproduction and/or survival and may even kill fishes, (Elghobashy et al., 2001) .
Fish accumulate pollutants directly from diet and water, and contaminant residues may very well reach concentrations thousands of times above those measured in the food and water, (Osman et al., 2007) . Also, it preferentially in their fatty tissues like liver, and the effects become apparent when concentrations in such tissues attain a threshold level, (Omar et al., 2014) . For this reason, monitoring fish tissue contamination serves as an important function and early warning indicator of water quality problems (Mansour and Sidky, 2002) . Monitoring of water quality using fish as bio-indicators enables us to take appropriate action to protect public health and environment. Also, condition factor (CF) and hepato-somatic index (HSI) are used as a biomarker of fish health in relation to pollution in general and heavy metals in particular. This is strongly influenced by both biotic and abiotic environmental conditions such as feeding intensity, growth rates, and fish age, (Javed and Nazura, 2019) .
The present study aimed to evaluate the seasonal variation of heavy metals contents (Pb, Cd, Hg, Cr, Fe, and Zn) in Nile tilapia (Oreochromis niloticus) fish and water samples which collected from Rosetta Branch and provide information regarding the growth of fish and water quality.
MATERIALS AND METHODS

The study area
This study was conducted at Rosetta Branch, Nile River, which located at the western part of the Nile Delta. Its length is about 220.0 km, average width 180.0 m with an average depth varies between 1.5 -16.0 m. It serves five governorates of the Nile Delta, Qalyoubia, El-Menofyia, El-Gharbia, Kafr El-Sheikh, and El-Behira, (El-Amier et al., 2015) . The study area was divided throughout the Rosetta Branch into four sites (Kafr El-Zayat, Minyat Jenaj, Desouk, and Motobas), as shown in Fig. (1) .
Fig. 1: The study area and sampling location at Rosetta Branch
Water analysis
Water samples were collected seasonally from August2016 till May 2017 from four sites at the Rosetta Branch (Kafr El-Zayat, Minyat Jenaj, Desouk, and Motobas) ( Fig. 1) . For each site, three water samples were collected from the center and both side at a depth of 30.0 cm, and then they were kept citified by concentrated nitric acid (HNO 3 ) and stored at 4˚C until analysis. Heavy metals concentrations (Pb, Cd, Cr, Fe, and Zn) determined after filtration by atomic absorption spectrophotometer (Agilent technologies 200 series AA and GTA 120 Graphite tube atomizer), also the Hg determined by using NIC MR-3000 mercury analyzer, according to APHA (2012).
Fish analysis
Nile tilapia fish (Oreochromis niloticus) samples were collected seasonally from August2016 till May 2017, from the four sites at Rosetta Branch (Kafr El-Zayat, Minyat Jenaj, Desouk, and Motobas) which caputred by fishermen. Fish gills and muscles tissues have been digestion using microwave digestion methods using the (High-performance microwave digestion system-ETHOS one) according to EPA (2007) . Then the heavy metals concentration in gills and muscles were measured as the same methods used for water analysis.
Fish length and weight, also condition factor was determined according to the formula stated by Salam and Davies (1994) . CF = (W/L 3 ) ×100 Where: CF= condition factor, W = total weight (g) and L=total length (cm) When CF value is higher, it means that the fish has attained a better condition, (Nehemia et al., 2012) Hepato-somatic index (HSI) was calculated by liver weight and body weight ratio using the following formulae, according to Wingfield and Grimm (1977) .
HSI= W liver /W gutted ×100. Where: W gutted = the fish gutted weigh, gutted weigh (takeout the internal organs).
The hepato-somatic index is that the health condition is essential for the growth of fish. HSI might be useful as an indicator of chemical water pollution; higher HSI value means fishes are overgrowing and have an excellent aquatic environment, and if HSI value is less, it means fish is not growing well, and it is facing unhealthy environmental problems, (Pyle et al., 2005) .
Statistical analysis
Two-way analysis of variance (ANOVA) was used to indicate significant difference in season and site, ANOVA was followed by Duncan's multiple range test (Duncan, 1955) at significantly of (5%). All statistical calculations were carried out with using SPSS 20" for windows.
RESULTS AND DISCUSSION
Monitoring of heavy metals in water at Rosetta branch
The results of heavy metals concentration in water samples in the selected sites are given in Table ( 1) . The values of Pb were ranged between 0.0001 to 0.096 mg L -1 . They were higher in winter in Motobas and lower in summer in Kafr El-Zayat. The record values were higher than the permissible limit except in the summer season. The results of Hg concentration showed the highest value in all seasons and sites under investigation (0.00046 to 0.0385 mg L -1 ). The concentration of Cd showed the highest value in winter in Motobas (0.0046 mg L -1 ) with the lowest figures in the summer. Regarding to the Zn concentration, the results showed that the highest value (0.036 mg L -1 ) was recorded in spring season in Minyat Jenaj site while the lowest value (0.00007 mg L -1 ) was detected in summer season in Kafr El-Zayat site, and the all values were less than the permissible limit except in winter season. Concerning of Fe concentration, the obtained data indicated that the highest value (0.314 mg L -1 ) was observed in winter season in Desouk site while the lowest value (0.0103 mg L -1 ) was mentioned in spring season in MinyatJenaj site, and the all values were less than the permissible limit. Finally; the results of Cr revealed that the highest concentration was recorded in winter season in Kafr El-Zayat site, while the lowest value was recorded in summer season in Kafr El-Zayat and Motobas and all these values were lower compared to the permissible limit in all seasons and sites except in winter. These results are in agreement with those obtained by Abdo (2006) , who revealed that the values of trace metal increased during cold seasons than hot seasons. This is mainly attributed to the increasing mobilization of trace elements from sediment to water and closure of canals (sadda Elshetweyah) which reduces freshwater availability. Also, El-Sayed et al. (2011) found that there is a significant difference in water quality as a result of annual variations in heavy metals concentrations. The maximum concentrations were observed in spring and winter, while the minimum values were detected in summer and autumn in all heavy metals. These results disagree with Ibrahim and Omar (2013) who recorded that summer season was the highest heavy metals concentrations; however the lowest values detected in winter which collected from Assiut Governorate. Seasonal variations may be attributed to the fluctuation of the amount of untreated domestic sewage, industrial wastes discharged and agricultural drainage water into the drains and canals which feed ponds (Authman et al., 2008) . High level of heavy metals concentrations may be due to water contamination from superphosphate, Salt and Soda Company and pesticides factories in Kafr EI Zayat city, quarrying (especially limestone), cement-making, and brick-making, as well as, sewage effluents, agricultural discharges and high ways or motorboat traffic from Kafer El-Zayat to Motobas and release of industrial effluents into the water bodies without sufficient treatment.
Heavy metals contents in fish organs at the Rosetta Branch Heavy metals contents in fish gills
The results of heavy metals concentration in fish gills samples in different seasons and the studied sites are given in Table ( 2). The values of Pb were ranged between 0.097 -1.8223 mg kg -1 , and the Desouk site was recorded the highest and lowest values during winter and spring season, respectively. Regarding with Hg levels, the obtained data showed that the concentration ranged between 0.060 -0.481 mg kg -1 , and it was showed higher value in spring season in Minyat Jenaj site, while it was lower in summer season in Motobas site. Also, the concentration of Cd showed a wide range of variation between 0.009 -0.298 mg kg -1 , it was higher in autumn season in Minyat Jenaj site, while it was lower in summer season in Kafr El-Zayat site. Concerning the concentration of Zn in fish gills, the obtained results also showed a wide range of variation between 0.015 -12.5 mg kg -1 , whereas the highest value was detected in winter season in Desouk site, while the lowest value was recorded in summer season in Minyat Jenaj site. Regarding with Fe analysis, the obtained results revealed that the concentration ranged between 0.971-33.368 mg kg -1 , and the highest value was observed in spring season in Kafr El-Zayat site, while the lowest value was recorded in autumn season in Kafr El-Zayat site. Finally; the concentration of Cr showed a wide range of variation between 0.047 -3.719 mg kg -1 , and the concentration was higher in summer season in Motobas site, while the lower concentration was observed during autumn season in Kafr El-Zayat site. -Means values (mean ± SD, n = 3) within a column with a same superscript are not significantly different (P> 0.05).
Heavy metals content in fish muscles
Fish is generally appreciated as one of the healthiest and cheapest sources of animal protein, and it has amino acid compositions that are higher in cysteine than most other sources of protein. The study of heavy metals concentrations in fish tissues, especially muscles, is crucial where it is the main edible part of fish and can directly influence human health (Pintaeva et al., 2011) .
This work studied the metals contamination in Nile Tilapia as it is the most familiar and popular fish that represents about 80% of freshwater farmed fishes in Egypt (Emara et al., 2015) . The seasonal variations in the concentrations of Pb, Hg, Cd, Zn, Fe, and Cr in muscle tissues of fish samples collected from the Rosetta Branch are shown in Table ( 3). All metals concentration showed a significant (P<0.05) variations concerning seasons.
The value of Pb was ranged between 0.137 -1.616 mg kg -1 , and it was higher in winter season in Desouk site, while the lowest concentration was recorded in spring season in Kafr El-Zayat site.
The values of Pb were higher than the permissible limit in all sites and seasons except summer and spring seasons. Concerning of Cd concentration in fish muscles, the results showed a wide range of variation between 0.002 -0.186 mg kg -1 , and the highest concentration was observed in autumn season in Kafr El-Zayat site, while the lowest value was detected in spring season in Kafr El-Zayat also. Cd values were higher than the permissible limit in Kafr El-Zayat site and autumn season. Finally; the obtained results showed that the concentration of reminder metals (Hg, Zn, Fe, and Cr) in fish muscles were less than the permissible limit.
These results could be attributed to the impact of seasonal variation on fish organs contents from tested heavy metals, whereas fish live in polluted water tend to accumulate heavy metals in their tissues. In General, the accumulation depends on metals concentration, time of exposure, way of metal uptake, environmental conditions (pH, salinity, hardness, and temperature), and intrinsic factors (feeding habits of fish and age).
These results are in harmony with those obtained by Authman et al., (2013) who found that metal concentrations in fish organs exhibited seasonal variations and they may be due to the increase or decrease of drainage water discharged into the drainage canal. In addition, Barbara and Maágorzata (2006) reported that most of heavy metals concentrations accumulate mainly in liver, kidney, and gills.
Fish muscles, compared to the other tissues; usually contain the lowest levels of metals. In this prospect Okoro et al., (2016) mentioned that heavy metals were more concentrated in the gills than other parts of the fish organs sourced because of relatively high potential for metal accumulation in the gills. Also, Edward et al. (2013) reported that the lowest heavy metal concentration in the muscles and the highest one in the gills.
Additionally; Ghanem et al., (2016) declared that the minimum Zn and Fe in fish muscles was measured during summer, and the concentrations are 0.58 ± 0.54 and 4.66 ± 2.46 μg/g for Zn and Fe, respectively. The high concentration of Cd in fish muscles may be associated with the lifestyle of the species that spending more time at the bottom and or muds, (Nziku, 2013) . 
Evaluation of correlation between heavy metal contents in water, gills, and muscles
The relationship among concentrations of heavy metals in water, gills, and muscles were presented in Table (4) . There was a highly significant positive correlation between Pb concentration in water and concentration of Cd and Cr in water, gills, and muscles. Also, there are a positive relationship between Pb in water and Pb in gills and muscles. Besides, there was a significant positive correlation between Pb in water and concentration of Fe and Hg in water and gills. On the other hand, there was a significant negative correlation between Pb in muscles and Cr in muscles. Positive correlation with highly significant was observed between Cd concentration in water and concentration of Cr and Fe in water. Also, there was a significant negative correlation between Cd in gills and Cr in gills and muscles, but it was highly positive significant with Pb in muscles. In addition, there was a highly significant negative correlation between Cd in muscles and Fe in muscles.
Regarding with correlation between Hg concentration in water and other elements, the positive correlation was mentioned with Zn concentration in water, gills, and muscles only. Also, there was a significant negative correlation between Hg in gills and Cr in gills. Data also showed that there was a highly significant positive correlation between Cr in water and Fe in water, and it was a highly significant negative correlation with Hg in gills and muscles, but it was negative with Pb and Zn in gills and muscles, Cd and Cr in muscles only. Moreover, there was a highly positive significant correlation between Cr in gills and muscles. On the other hand, the highly significant negative correlation was observed between Cr in gills and Pb in muscles, but it was significant with Zn in gills, muscle, and Hg in muscles only. Finally, the highly significant negative correlation was detected between Cr and Zn in muscles. Concerning with the relationship between Fe concentration and other elements, the obtained data indicated that there was a highly significant positive correlation between Fe and Zn in gills and muscles also with Fe in muscles. In vice versa, it was negative with Cd in muscles. Finally; the results of correlation coefficient showed that there was a highly significant positive correlation between Zn in gills and muscles, and it was significant with Fe in muscles, but it was vice versa with Cr in muscles.
It could be concluded that the concentration of all heavy metals (Pb, Cd, Hg Fe, Zn, and Cr) in fish gills was highest followed by muscles and water in all seasons and sites. These results are an agreement in part with those obtained by Afiukwa (2013) who indicated that a significant positive correlation between Pb/Zn, Cd/Zn, and Fe/Pb in drinking water. While chromium gives negative correlation with the other metals, Also, Emara et al., (2015) found that significant positive correlations between (Fe and Cd; Cd and Pb) in fish muscle tissues. The correlations between the different metals may result from the similar accumulation behavior of the metals or that share the same chemical environment or absorptive pathways. The presence of such metals in association affects the occurrence and absorption of the other metals. On the other hand, metals which give the negative correlation with the other metals may be due to different sources of the metal.
Effect of heavy metals on indicator growth of Nile Tilapia fish
The results in Table (5) showed that there were significant differences of seasonal variation on indicator growth of Nile tilapia fish which grow in the freshwater of the Rosetta Branch during the year of 2016/2017. The winter season was recorded the highest value of fish length and weight with the mean values of 19.5 cm and 153.1 g, respectively, while the autumn season was recorded the lowest values of 15.5 cm and 80.5 g for both parameters. Table 5 : Effect of heavy metals on growth of Nile tilapia fish * = Condition factor **= Hepato-somatic index -Means values (mean ± SD, n = 10) within a column with a same superscript are not significantly different (P> 0.05) Concerning with sampling site, the obtained results showed that the Motobas site was detected the highest fish length and weight with mean values of 19.0 cm and 143.6 g, respectively while the Desouk site was detected the lowest values of 16.12 cm and 87.7 g for both parameters. The interaction between seasons and sites revealed that the highest fish length and weight was noticed in Motobas site during winter season with the mean value of 24.6 cm and 269.4 g for both parameters, respectively. The lowest values were observed in Desouk during autumn season with the mean values of 14.7 cm and 62.6 g for both parameters, respectively. These results could be attributed to the fluctuation of water level and temperature that determine the body condition of fish. These results are in harmony with those obtained by Otieno et al., (2014) who noted that the changes in the availability of food items and water quality, and fluctuation of water level and water temperature that determine the body condition of fishes. On the other hand the results are disagreement with those obtained by Abdelhamid et al., (2013) who indicated that autumn season gave the best fish weight and total length of Nile Tilapia fish in the River Nile at Helwan area, and it could be attributed to the variation of geographic location between Helwan and Rosetta Branch.
In addition, the obtained results showed that the growing season has the significant impacts on condition factor (CF) of Nile Tilapia fish (Table 5) , and the summer season was recorded the highest value of CF with the mean value of 2.16, while the lowest value (1.8) was recorded in winter season. Also, the obtained data revealed that there was an insignificant difference between sites on CF. Regarding the interaction between seasons and sites, the highest CF was observed in Desouk site during the summer season, and the lowest CF was recorded in the same site during the winter season. Additionally, the mean hepato-somatic index (HSI) for Nile Tilapia fish ranged between 0.95 and 1.58. The spring season was detected the highest value (1.55), while the lowest value (0.83) was recorded in the summer season. The sites also have significant differences on HSI and Kafer El-zayat was given the highest value followed by Minyat Jenaj, Desouk, and Motobas with mean values of 1.42, 1.26, 0.92, and 0.92, respectively. The interaction between seasons and sites indicated that the highest value (1.85) of HSI was noticed in Kafer El-zayat during the spring season, while the lowest value (0.59) was observed in Desouk during the autumn season. In this prospect, CF and HSI are essential biological parameters used to assess the fish condition concerning the feeding condition. The length-weight relationship is significant for proper exploitation and management of the population of fish species (Anene, 2005) . Also, condition factor decreases with an increase of length, whereas the CF value is higher, it means that the fish has attained a better condition. The results obtained from the present study could be attributed to that the fish condition could be affected by water quality and availability of food items. The results obtained from the present study are in agreement with those obtained by Khallaf et al., (2014) and Agumassie (2018) they reported that the fish condition was affected by the number of factors such as stress, sex, season, availability of feeds, and water quality. Besides, the change of HSI value could be attributed to the metal's toxicity on fish, whereas it is a good indication of impaired reproductive physiology. Also, the size of the liver was varied according to climate conditions, as a result of the consequence of a loss of hepatic glycogen and/or lipid which is a typical morphologic response of the fish liver to environmental stress, (Saeed, 2013) .
CONCLUSION
It can be concluded that the seasonal variations and geographic locations had significant impacts on water and fish quality at the Rosetta branch. The winter was the highest season in heavy metals concentration in water and fish samples, and summer was the lowest one. Additionally; Kafr El-Zayat was the highest site in heavy metals concentration, and Minyat Jenaj was the lowest one. Pb and Hg concentrations in the water were higher than the permissible limit. So, efforts should be directed towards the protection of the River Nile from pollution through treatment of wastewater and from pollutant before entrance to the Nile River or stopping the discharge these pollutants into the Nile River to protect fish and human from the deleterious effects of pollution.
